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ABSTRACT
Thermal  springs are the surface
manifestations of the subsurface geothermal

energy which has attained significant attention in
recent years as an alternate energy source. The
state of Maharashtra in India is characterized by
superficial thermal manifestations represented by
numerous hot springs, mostly restricted in the
western coast. An attempt is made here to study
the possible geothermal sources and to establish
the subsurface structure and aquifer system over
three hot springs in Ratnagiri district in western
Maharashtra based on the analysis of vertical
electrical resistivity soundings (VES). Resistivity
contouring has been carried out for different
electrode spacing i.e. AB/2= 5m, 15m, 30m, 50m
and 100m which provides the variation of
resistivity at five different horizons. A low
apparent resistivity of the order of 10-40 Q-m is
prominent at shallow depth of S5m (between 17.2
to 17.25 latitude), which coincides with the
location of Tural hot spring. This conducting
feature is also observed at other depths. It is also
evident that the low resistivity at Tural is
spreading as the depth increases. [t is possible that
the thermal spring source at Tural is located at
greater depths. spring is
characterized by a minor low apparent resistivity
at all the depths indicating that this is weak

The Aravali hot

compared to the Tural spring. The Tural spring is
much hotter than the Aravali one at the surface
along with gas emission. The 2-D geoelectrical
sections delineated the geometry of the aquifer
bodies associated with the hot springs. A close
grid magnetic study will further elucidate the
geothermal resources and delineate the structural
setting of the area.

KEYWORDS: Resistivity, hot spring, aquifer, western
Maharashtra

INTRODUCTION

Thermal springs are the surface
subsurface geothermal

energy which has attained significant attention in

manifestations of the

recent years as an alternate energy source. The
state of Maharashtra in India is characterized by
superficial thermal manifestations represented by
numerous hot springs. mostly restricted in the
western coast. The west coast thermal province
extends over a linear stretch of about 350 km and
width of about 20-30 km (Padhi el al.; 1995,
Deshpande; 1998, Minissale er al.; 2000). These
springs trend NNW-SSE and are parallel to the
Sahyadri mountain chain and the west coast. All
these hot springs are located in the Deccan basalts
from Ganeshpuri in the north to Rajapur in the
south (Fig. 1).
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Figure 1. Geological map of the study region

It has been reported by (Padhi er al
1995) that most of the hot springs is of low to
intermediate enthalpy at shallow depths,

Geothermal springs have been explored
using geoelectrical and geopotential methods by
several workers (Henkel er al.; 1977, Bernard et
al.; 1991, Benson ef al.; 1997, Cagler et al.; 1999,
Majumdar et al.; 2000, Baranwal and Sharma;
2006, Routh ef al.; 2006, Harinarayana et al.;
2006). However the geophysical studies in west

coast of Maharashtra are limited to geochemistry
and geothermometry. An attempt is made here to
study the possible geothermal sources over three
hot springs in Ratnagiri district in western
Maharashtra based on the analysis of vertical
electrical resistivity soundings (VES) at five
places in the vicinity of the hot springs, to
establish the subsurface structure and aquifer.
system (Fig. 2).
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Figure 2. Schematic map showing the location of lineaments and hot springs in the study region. Also
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shown are the vertical electrical sounding points,
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Geology And Geochemistry Of The Region

The Deccan Volcanic Province (DVP) is
covered by the fissure erupted basaltic magma,
which has spread over an area of about half a
million sq.km in the western part of the Indian
peninsula. The thickness of the basalts ranges
from a few meters on the east to about 3000
meters on the west and has suffered intense
tectonic activity since the Tertiary period. The
isostatic imbalance caused by the nearly 10" tons
of the basalts and the subsequent weathering and
erosional processes have made a significant
contribution to the tectonic evolution of the DVP
(Widdowson and Mitchell; 1999). Two different
types of lave flows have been documented
(Deshpande; 1998). These are the pahoehoe type
and the Aa type. The southern part of Ratnagiri
and Sindhudurg districts are characterized by the
Aa type flows whereas the pahoehoe type flow is
confined to the northern part of Thane district
(Sarolkar; 2005). The basaltic flows show a gentle
dip of less than 1° to the east whereas in the close
vicinity of the west coast, relatively higher dips of
about 4° are observed. Some evidences of post-
trappean faulting in recent times and rejuvenation
of the DVP for accumulation of tectonic stress are
evidenced by a series of hot springs parallel to the
coast (Athavale; 1975).

The evolution of West coast of India is
the result of a series of Mesozoic rifting events
(late Jurassic - early Cretaceous) beginning with
detachment of Madagascar (Storey et al.; 1995).
The formation of present Indian margin was the
result of a ridge jump, which detached India from
the Seychelles bank at the time of the Deccan
volcanism. The break-up of the Gondwana Super-
continent resulted into the formation of India as a
part. The northward flight of India, the sudden
burst of volcanic activity, the uplift of the
Peninsula and its break-up, the creation of the
Arabian Sea and the Sahyadri scarp paralleling the
West Coast — all these together make a fascinating
story of landscape development of the Konkan
coastal plain (Chandrasekharam; 1985). Dessai
and Viegas (1995) are of the opinion that the

western margin of India represents an extensional
fault structure. This view has also been reported
from magnetotelluric studies in the western part of
the DVP, which show indications of extensional
tectonics in the south (Gokarn er al.; 2003). The
straight-line pattern of the West coast of India and
the Western Ghats scarp paralleling the coast are
very striking. Many geo-scientists are of the view
that the abrupt termination of the Deccan Trap
flows along the line of the Western Ghats points
to Cenozoic uplift, rifting and down faulting.
(Athavale 1975) suggested the existence of a zone
of faults located to the west of the Sahyadri range
and running nearly parallel to the western coast of
India. It is also proposed that the increase in
seismic activity in this region is due to the release
of strain accumulated in the zones of faults. The
induced seepage in the approximately NE trending
fractures contributes enormous quantities of water
mto the EW running Vashisthi and other rivers
present here. Based on Landsat imagery, a number
of linear features were identified over the Konkan
coast (Qureshy; 1982, Powar; 1981).

The major hot springs in the west coast
of Maharashtra are Rajapur in Sindhudurg district,
Unhavre, Tural, Aravli and Rajawadi in Ratnagiri
district, Sativli and Ganeshpuri in Thane district.
Most of these hot springs have temperatures
ranging between 42°C to 71°C. Gaseous activity
has been observed in some of these springs. The
thermal water from these hot springs is alkali
chloride type with high sulphate content except in
the Rajapur spring, which discharges bicarbonate
water (Sarolkar; 2005). The quartz
geothermometry studies reported 107° C in
Ganeshpuri to 127° C in Unhavre, while by
sodium-potassium method; temperatures vary
from 113°C in Rajawadi to 170° C in Tural. The
hydrothermal minerals indicate possibility of
getting higher temperatures at greater depths.

The hot springs under the present studies
are Aravali, Tural and Rajawadi (Fig. 2). These
springs are located about 10-18 km north of
Sangameshwar, on the banks of tributary joining
Sashtri River. As seen from Fig. 2, the hot springs
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is aligned along an N 20° W - S 20° E fracture
zone/mega lmeament. It may be noted here that
this region is seismically active with small to
medium  earthquakes  occurring  frequently.
Sporadic gaseous activities in the form of bubbles
are reported from the Tural and Rajawadi hot
spring. At Tural, hot water ol about 60° C is
discharged at the rate of 250 Ipm whereas at
Rajawadi the temperatures are lower (about 55°
C) and the discharge rate is about 50 lpm. A
temperature of 41° C has been recorded at Aravali
hot spring with water flowing at the rate of about
50 Ipm.
The geochemical studies of water from
these springs (Sarolkar; 2005) suggest that they

20 30
L f

are sodium chloride type with rich sulphate
content. Chloride content at Tural is rather high at
340 ppm. However the sulphate content at Tural is
100 ppm. The sodium content at Tural 1s 244 ppm
whereas 1t 1s 470 ppm in Rajawadi. Silicon
dioxide at Tural and Rajawadi are 84 and 88 ppm
respectively, It is reported by Minissale et. al.
(2000) that the thermal springs in the west coast
has very high salinity of the order of 1000-4000
mg/kg. Thus the high chloride content at Tural
suggests direct access to geothermal reservoir or
mixing of sea water with the thermal water. The
temperature-depth curves of boreholes at Tural-
Riajawadi springs are shown in Fig. 3 (alter Ravi
Shanker et al.; 1991).
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Figure 3. Temperature-depth profile at Tural hot spring (redrawn after Ravishankar ef al.: 1991)

There are two exploratory boreholes in
Tural-Rajawadi region. These suggests that the
temperature increases from 34° C at the surface to
about 45° C at depths of about 50m at TR-1. At
TR-2, the surface temperature 1s 36° C which rises
to 41° C at depths of 100m. However, maximum
temperature of about 50” C is recorded at depths
of 40m (Ravi Shanker et al; 1991). It is also
reported that the salinity of hot spring water
increases with temperature (Starinsky ef al.; 1979,
Tanaka et al.; 1984).

Resistivity Studies — Methodology and Analysis

As mentioned earlier, the geophysical
investigation incorporated use of electrical
resistivity method. The VES eclectrical resistivity
studies is based on measuring the potentials
between one electrode pair while transmitting
direct current (DC) between another electrode
pair. The depth of penetration is proportional to
the separation the electrodes, in

homogeneous ground, and varying the electrode
separation  provides

between

mformation  about the
stratification of the ground (Dahlin; 2001). This

method 1s carried out to decipher problems of
groundwater in the hard formation aquifer such as
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the Deccan Trap region, as an inexpensive and
useful method.

The VES was carried out in the study
aea with a  SSR-MP-ATS resistivity meter
electrical profiles and soundings is shown in Fig.
2. Electrical resistivity soundings were conducted
at five different locations by
Schlumberger array for

using  the
delineating  vertical
distribution of water bearing zones, constituting
the aquifer bodies in this region. Of the five
soundings, two were carried out across the hot
Isprings Aravali and Tural. The other three were
away from the hot springs. The site around
Rajawadi hot spring was marshy and thus it was
not possible to conduct a sounding there. The
Schlumberger  soundings were carried  with
maximum current electrode spacing (AB) of 200
m (AB/2=100 m). The field data acquisition was
generally carried out by moving two or four of the
electrodes used, between each measurement. The
resulting geoelectrical layer succession was used
for predicting various conducting zones based on
e resistivities.  Employing  Schlumberger
configuration  the  apparent resistivity  was
alculated (Kearey and Brooks: 1988) as,
pa=m [(L/2)2 - (b/2)2]/b] * V/I

Where, L. and b is the current and potential
lectrode spacing respectively.
The data obtained from the field was processed
d modeled using IPI2WIN software, version

aipplicd by 1GIS. Hyderabad. The location of

3.0.1.a7.01.03 (Bobachev; 2003) for interactive
semi-automated interpretation.

Here a 2D coverage of soundings spread
over the entire region has been made. The
resistivity  distribution over this region put
qualitatively corresponds to variations ol the
resistivity at  different  depths.
contouring has been carried out for different
electrode spacing i.e. AB/2= 5m, 15m, 30m. 50m
and 100m which provides the variation of
resistivity at five different horizons.

RESULTS OF RESISTIVITY DATA
Spatial distribution of apparent resistivity:

The spatial distribution of the apparent
resistivity of all the five VES sounding points over
the entire region was evaluated by the krigging
method using SURFER software. The resistivity
distribution over this region put qualitatively
corresponds to variations of the resistivity at
different depths. Resistivity contouring has been
carried out for different electrode spacing i.e.
AB/2= 5m, 15m, 30m, 50m and 100m which
provides the variation of resistivity at five
different horizons (Figs. 4 a-e). Also shown in
these figures is the 3-D cross-section of the entire
study region. A low apparent resistivity of the
order of 10-40 Q-m is observed at shallow depth
of Sm (between 17.20 to 17.25 latitude). which
coincides with the location of Tural hot spring.
This conducting feature is also observed at 15, 30,
50 and 100m with resistivity values in the range
30-50, 40-60, 50-60 and 42-52 Q-m respectively.

Resistivity

[STRY
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Figure 4. (a-e): 2D contour map and 3D surface map for AB/2= 5 m, 15 m, 30 m, 50 m and 100 m.

The Aravali hot spring, located at 17.3
latitude. indicates a minor low apparent resistivity
at all the depths in the resistivity band of 10-60 Q-
m. However, it can be seen from Fig. 4 that the
signature of the Aravali spring is weak compared
to the Tural spring. It may be noted here that the
Tural spring is much hotter than the Aravali one at
the surface along with gas emission. It is also
evident from Fig. 4 that the low resistivity at Tural
is spreading as the depth increases.

Due to unavailability of proper site, VES was not
carried out at Rajawadi. However, the aerial
distance between Tural and Rajawadi springs are
about 500m. Thus the wide low apparent
resistivity observed from 17.20 to 17.25 latitude at
depths of 100m may have the contribution from
Tural as well as Rajawadi thermal springs.

1-D geoelectrical section

The 2-D geoelectrical section has been
generated in order to understand the geometry of
the aquifer developed in and around the hot
springs (Fig. 5). Longitudinal geoelectric section

over the hot springs and its surroundings shows
the presence of an oval shaped depression up to
depths of about 40 m at VES 4 having resistivities
in the range of 10 Q-m, characterizing aquifer
bodies associated with the Tural and Rajawadi
springs. This conducting feature tapers at both
sides of the profile. The lower part of VES 4 with
resistivities in the range of 60 Q-m extends
towards south. A low resistivily zone is observed
at VES 2 which corresponds to the Aravali spring.
This feature with resistivity in the range of 20-30
Q-m is also oval in shape albeit weak in nature.
The lower part of the aquifer body extends
towards north at depths of 50 m. It is pertinent to
mention here that the E-W flowing Gad River is to
the north of Aravali hot spring. It may be noted
here that the physiographic position of VES 3,
VES 3 and VES 1 are at higher elevation which is
clearly reflected in the pseudo cross-section with
resistivities in the range of 180 £2-m up to about
20 m depth. These comprise of hard rocks at
shallow depths.
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Figure 5. Longitudinal geoelectrical section over the study area

DISCUSSIONS AND CONCLUSION

As discussed earlier, the signature of
Tural, Rajawadi and Aravali hot springs is quite
well delineated in both the resistivity contouring
and the 2-D cross section, the Tural spring being
more prominent The Chiplun mega lineament
along with a number of other minor lincaments 1s
cutting this region. Also it is reported that the
chloride content at Tural spring is very high (340
ppm) (Sarolkar, 2005) and has very high salinity
(Minissale et ¢/, 2000). Thus it is possible that
Tural hot spring is manifested by saline water
mftrusion at greater depths. The Deccan Traps
consists of several lava flows piled up one over
the other and are generally characterized by joints,
fractures and fissures. These geofeatures can
provide good aquifer conditions and can occur at
any depths. Thus the ascending thermal water is
likely to spread laterally also. In the present study,
perhaps this indicates the admixing of thermal
water with sea water through the fractures and
joints giving rise to enhanced low resistivity at
Tural compared to the Aravali hot spring.

From the 2-D geoelectrical section it is
observed that the source of the geothermal energy
is beyond depths of 100 m. Also the thickness of
the low resistive zones is most substantial at the
hot springs. VES 2 and VES 4. The thickness of
fractured formation is maximum at the hot spring

and the depth of the fractured formation extends
up to about 50 m from the surface.

The nature of the heat source in relation
to the thermal manifestation of this region is not
very clear at present. It is possible that the post-
trappean tectonic movements which resulted in
normal faulting mmght have facilitated  the
mtrusion of magmatic bodies at shallow depths,
However detailed ground magnetic studies over
the hot springs and its vicinity will elucidate about
the depth to the interface between the hard rock
and the fractured zones. Subsequently ground
movement within the subsurface and
possible hot spring sources can be identified.

It is observed that there is a continuous
and consistent discharge of hot water in the

water

springs here. This is mainly used for bathing and
washing purpose. It is suggested that the
geothermal resources of these springs can be
exploited for generation of electricity, food and
agro industry, green housing and tourist resort
centers.
ACKNOWLEDGEMENTS

The authors are grateful to the Director,
Indian Institute of Geomagnetism, Navi Mumbai
for her support and keen interest in these studies
and for permitting to publish the manuscript.




Journal of Advances in Science and Technology

Vol. 13, No.I, June-2011

REFERENCES

Athavale R.N. (1975) Induced seepage along a
coast parallel system of faults as a possible cause
of the Koyna earthquake, Bull. Seis.Soc.Am. 65 (1).
[83-191.

Baranwal V.C., Sharma S.P. (2000) Integrated
Geophysical ~ Studies in the  East-Indian
Geothermal Province. Pure appl. Geophys. 163,
209-227.

Benson A.K., Payne K.L. and Stubben M.A.
(1997) Mapping groundwater contamination using
DC resistivity and VLF geophysical methods - A
case study. Geophysics 62, 80-86.

Bernard J., Valla P. (1991) Groundwater
exploration in fissured media with electrical and
VLF methods. Geoexploration 27, 81-91,
Bobachev A, (2003) Resistivity Sounding
[nterpretation. IPI2ZWIN: Version 3.0.1 a 7.01.03.
Moscow State University.

Cagler 1. and Demirorer M. (1999) Geothermal
exploration using geoelectric  methods in
Kestanbol, Turkey, Geothermics 28, 803-819.
Chandrasekharan D. (1985) Structure and
Lvolution of the Western Continental Margin of
India Deduced from Gravity, Seismic,
Geomagnetic and Geochronological Studies. Phys.
Earth Planet. Inter. 41, 186-198.

Dahlin T. (2001) The development of DC
resistivity  1maging  techniques.
Geosciences 27, 1019-1029,
Deshpande G.G. (1998) Geology of Maharashtra.
Geological Society of India, Bangalore.

Dessai A.G. and Viegas AAAA (1995) Multi-
generation Mafic Dyke-Swarm related to Deccan
Magmatism, South of Bombay: Implications for
the Evolution of the Western Indian Continental
Margin. Mem. Geol. Soc. Ind. 33, 435-451.

Kumar D., Krishnamurthy N.S., Nayak G.K. and
Shakeel A. (2006) Utility of magnetic data in
delineation of groundwater potential zones in hard
rock terrain, Curr. Sci. 91 (11), 1456-1458.
Gokarn S.G., Gupta G., Rao C.K. and Selvaraj C.
(2003) Some interesting observations on the
tectonics in the Volcanic province

Computers

Deccan

observed from magnetotelluric studies, J. Virnial
Explorer 12, 55-635.

Harinarayana T., Murthy
DN, Veeraswamy K., Eknath Rao S.P., Manoj C.

and  Nagamjaneyulu K.

Abdul Azeezr KK..

(2000) Exploration of
geothermal structure in Puga geothermal field,
Ladakh India by
studies. /. appl. Geaphys. 58, 280-295.

Henkel H. and Guzman M. (1977) Magnetic
features of fracture zones, Geoexploration 15,
173-181.

Kearey P. and Brooks M. (1984) An Introduction
to Geophysical Exploration. Blaclkwell Scientific

Himalayas, magnetotelluric

Publication, Oxford, London.
Majumdar R.K.. Majumdar N,
AL, (2000)
Bakreswar geothermal area, West Bengal, India, J.
Appl. Geophys. 45, 187-202.

Minissale A, Vaselli O, Chandrasekharam D,
Magra G, Tassi F, Casigha A (2000) Origin and
evolution of “intracratonic” thermal fluids from

and Mukherjee

Geoelectric  investigations 1in

Central — Western peninsular India. Earth and
Planetary Science Letters 181: 377-314.

Padhi RN, Pitale, UL (1995) Potential geothermal
fields in the context of national scenario on non
conventional energy resources development
programme in India. Proc. WGC 1995: 525-530.
Powar KB (1981) Lineament Fabric and Dyke
Pattern in the Western Part of the
Volcanic Province. Mem. Geol. Soc. Ind. 36: 45-
57.

Qureshy MN (1982) Gravity Anomalies, [sostasy
and Crust Mantle Relations in the Deccan Trap

Deccan

and Contiguous Regions, India. Mem. Geol. Soc.
Ind. (3): 184-197.

Ravi Shankar, Guha SK, Seth NN, Muthuraman
K, Pitale UL, Jangi BL, Gyan Prakash,
Bandopadhyay AK, Sinha RK (1991) Geothermal
atlas of India. Geol. Surv. India 19: 60-99.

Routh PS, Lyle M, Hess S, Bradford I {2006) 3D
Magnetic Characterization of Hot Springs in a
Hydrothermal System in the Alvord Basin,
Oregon. GRC Transactions 30: 937-940.

Sarolkar PB (2005) Geochemical characters of hot
springs of west coast, Maharashtra State. India.

94



Journal of Advances in Science and Technology

Veol. 13, Ne.1, June-2010

Proceedings World Geothermal Congress 20035,
Antalya, Turkey, 24-29 April 2005: 1-4.
Starinsky. A. Katz, A. and Levitte, D. (1979),
Temperature-composition-depth  relationship in
Rift Valley hot springs: Hammat Gader, northern
Israel. Chemical Geology, 27(3), 233-244.

Storey M, Mahoney JJ, Saunders AD, Duncan
RA. Kelley SP, Coffin MF (1995) Timing of Hot-
Spot related Volcanism and the Break-Up of
Madagascar and India. Science 267: 852 - 833.

Tanaka, K, Koizumi, M, Seki, R. and Ikeda, N,
(1984), Geochemical study of Arima hot spring
waters, Hyogo, Japan by means of tritium and
deuterium. Geochemical Journal, 18, 173-180.
Widdowson M, Mitchell C (1999) Large-scale
Stratigraphical, Structural and Geomorphological
Constraints or Earthquakes i the Southem
Deccan Traps, India: The Case for Denudationally
— driven Seismicity, Deccan Volcanic Province.
Mem. Geol. Soc. Ind. 43 (1): 425 —452.

95



